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(54) Improved signal transmission assembly 



(57) An improved cable assembly is provided which 
comprises covered, wrapped, or coated synthetic 



strength members to enhance the mechanical proper- 
ties of the cable in a dynamic environment. 
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Description 

\ This invention generally relates to an improved sig- 
nal transmission assembly which is resistant to failure 
in dynamic load applications. 

In certain environments, cable assemblies are 
stressed by dynamic loads. More particularly, in the field 
of remote operated vehicles ((and, sea, air or space), 
signal transmission cable assemblies are employed to 
link a control system to one or more remote operated 
vehicles. During the employment of a remote operated 
vehicle and control system, dynamic loads caused by 
operational and environmental conditions cause the sig- 
nal transmission cable assemblies to fatigue and fail. In 
an attempt to increase the useful life of such signal 
transmission cable assemblies, strength members have 
been incorporated into their design. 

Known strength members which have been used in 
transmission cable design often comprise overlapping 
or non-parallel filaments, such as aramid fibers for ex- 
ample. Such non-parallel or overlapping filaments de- 
fine contact points between individual filaments and oth- 
er cable elements. Typically, abrasion and load concen- 
tration have occurred at such contact points, thereby re- 
ducing the tensile properties of the cable assembly In 
an attempt to overcome such shortcomings regarding 
the use of strength members in transmission cable de- 
sign, various coatings, lubricants and strength member 
configurations have been employed Although such 
coatings, lubricants and strength member configura- 
tions have operated with varying degrees of success in 
certain applications, they are replete with shortcomings 
which have detracted from their usefulness in promoting 
longevity of the strength member in dynamic applica- 
tions. 

Lubricants have been employed to reduce friction 
between overlapping filaments, but such lubricants 
have not minimized stress concentration in tension load- 
ed strength members. Also, during any use of lubricated 
strength members in a cable design, dynamic stresses 
and loading have displaced these lubricants from the 
contact points, thereby creating non-lubricated strength 
member regbns. 

Thermoplastic compression extruded coatings 
have been employed to reduce abrasion and load con- 
centration at the contact points, but such coatings tend 
to compact the filament strength members which reduc- 
es freedom of movement of the individual filaments, in- 
creases inter-contact friction and stress concentration, 
and reduces the life of the strength member. Although 
such strength member coatings provide a substantial in- 
terface to the strength member in a longitudinal direc- 
tion, such coatings provide insufficient lateral strength 
perpendicular to the axis of extrusion. Also, these coat- 
ings add weight and size to the strength members, 
which is undesirable for certain applications. 

High friction coatings, such as poly ur ethane, have 
been used to enhance load sharing between strength 



members, however, such coatings increase internal fric- 
tion of the strength member filaments, which results in 
degradation of the strength member during compres- 
sive loading of the strength member. 
s Strength member filaments have also been protect- 
ed from mechanical damage by polyurethane impreg- 
nation. However, polyurethane impregnation of strength 
members produces a somewhat rigid strength member 
which increases load concentration when the strength 

»0 member is subject to compression. Such a rigid strength 
member tends to "buckle* and "notch', which results in 
a point of stress concentration and strength reduction. 

In addition to the foregoing, strength members have 
been employed in an untreated or uncoated state, and 

is have been braided onto a cable core. However, such 
braiding of a strength member causes the strength 
member to "flatten" onto the cable core, thereby reduc- 
ing load sharing characteristics between filaments and 
subjecting more filaments to non-parallel or overlapping 

20 interfaces. Also, uncoated or untreated fibrous strength 
members provide a large path for water to "wick" or mi- 
grate thereby causing electrical failure, cable weight 
gain, and the introduction of abrasion enhancing con- 
taminates, such as salt crystals from marine environ- 

2S ments. Subsequent re-termination or removal of water 
from the cable is laborious and costly. 

The foregoing illustrates limitations known to exist 
in present cable assemblies. Thus, it is apparent that it 
would be advantageous to provide an improved cable 

30 assembly directed to overcoming one or more of the lim- 
itations set forth above. Accordingly, a suitable alterna- 
tive is provided including features more fully disclosed 
hereinafter. 

According to the present invention there is provided 
3S a cable assembly comprising: 

a signal transmission core; 
a first friction reducing layer disposed about the sig- 
nal transmission core; 
40 a first jacket disposed about the friction reducing 
layer; 

at least a first strength member array disposed 
about the first jacket, the strength member array be- 
ing defined by a synthetic fibrous strength member 
45 or members which are each comprised of a plurality 
of filaments, each strength member being disposed 
within an individual, second friction reducing layer; 
and 

a second jacket disposed about the strength mem- 
so ber array. 

According to a further aspect of the present inven- 
tion there is provided a strength member for a cable as- 
sembly or the like, said strength member being defined 
55 by a plurality of filaments, and a friction reducing layer 
disposed about the strength member. 

it is. therefore, a purpose of the present invention 
to provide an improved signal cable assembly which is 
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resistant to failure during dynamic loading. 

It is another purpose of the present invention to pro- 
vfde an improved fibrous strength member for maximiz- 
ing the mechanical performance of a signal cable as- 
sembly. 

It is another purpose of the present invention to pro- 
vide an improved signal cable design which minimizes 
load and strain transfer between cable strength mem- 
bers and a cable core. 

It is another purpose of the present invention to pro- 
vide a means for distributing loads between individual 
synthetic strength members thereby increasing the lon- 
gevity of the strength members when subjected to cy- 
clic, flex and dynamic loading. 

Yet another purpose of the present invention is to 
provide a means for containing the individual fibers of a 
strength member to reduce potential damage thereof 
during processing and handling. 

Yet another purpose of the present invention is to 
provide a means of enhancing the load-sharing between 
strength members and an outer cable jacket. 

Embodiments of the present invention will now be 
described by way of example, with reference to the ac- 
companying drawings in which: 

Figure 1 is a partial, layered view of an improved 
cable assembly made in accordance with the teach- 
ings of the present invention; 
Figure 2 is a partial, layered view of an improved 
strength member in accordance with the teachings 
of the present invention; 

Figure 3 is a partial, layered view of an alternate 
embodiment of the improved cable assembly of the 
present invention; 

Figure 4 is a partial, layered view of an alternate 
embodiment of the improved cable assembly of the 
present invention; and 

Figure 5 is a partial, layered view of an alternate 
embodiment of the improved cable assembly of the 
present invention. 

Referring now to the drawings, wherein similar ref- 
erence characters designate corresponding parts 
throughout the several views, the improved cable as- 
sembly of the present invention is generally illustrated 
at 1 0 in Figures 1 and 3-5. The improved cable assembly ' 
10 includes; a signal and/or power transmission core 12; 
a first friction reducing or low friction layer 14; an inner 
jacket 16; a strength member array 18; and an outer 
jacket 20. As the term is used herein, "layer* shall mean 
a coating covering or wrapping. 

The signal transmission core 12 may be comprised 
of any suitable elements useful in the transmission of 
electromagnetic anoYor optical signals and /or power. 
For example the signal transmission core 12 may be 
comprised of; electrical conductor elements or fiber op- 
tic elements for transmitting data and/or providing power 
to a system (not shown); interstitial fillers for providing 



radial compressive support; and, if the cable is to be 
used in a marine environment, a water blocking com- 
pound for impeding the flow of gas and fluids into the 
cable. The core 12 is jacketed or coated with the inner 
s jacket 16, which may be comprised of porous poly- 
tetrafluoroethylene (PTFE), polyimide, nylon, polyelher 
ether ketone, organopolysiloxane-imide, polyester, pol- 
yester terephthalate, full density polytetrafluoroethyl- 
ene. tetrafluoroethylene-hexaftuoropropylene copoly- 
10 mer, perfluoroalkoxy tetrafluoroethylene, ethylene- 
tetrafluoroethylene copolymer, copolymer of ethylene 
and PTFE. polyvinyl chloride, rubber, silicone, polyeth- 
ylene, polyvinylidene fluoride, thermoplastic elastom- 
ers, urethane or any other suitable jacket material. 
'5 The first low friction layer 14 is comprised of mate- 
rials which exhibit low friction characteristics. Such ma- 
terials include, but are not limited to, PTFE, polyeth- 
ylenes. and polyesters,. In a preferred embodiment of 
the present invention, the first low friction layer 14 is 

20 comprised of a porous fluoropolymer material, such as 
but not limited to porous polytetrafluoroethylene (PTFE) 
membrane. The first bw friction layer 14 is disposed 
about the signal transmission core 1 2. 

As the term is used herein, porous polytetrafluor- 

25 oethylene (PTFE) shall mean a membrane which may 
be prepared by any number of known processes, for ex- 
ample, by stretching or drawing processes, by paper- 
making processes, by processes in which filler materials 
are incorporated with the PTFE resin and which are sub- 
30 sequently removed to leave a porous structure, or by 
powder sintering processes. Preferably, the porous pol- 
ytetrafluoroethylene membrane is porous expanded 
polytetrafluoroethylene membrane having a microstruc- 
ture of interconnected nodes and fibrils, as described in 

35 U.S. Patent Nos. 3.953,566; 4.187.390; and 4.110,392, 
which are incorporated herein by reference, and which 
fully describe the preferred material and processes for 
making them. The porous polytetrafluoroethylene mem- 
brane may have a thickness in a range from about 3 to 

40 about 1 ,000 micrometers, preferably in a range of from 
about 5 to about 100 micrometers, and a pore volume 
in a range from about 20 to about 98 percent. 

In one embodiment of the present invention, a tape 
of porous PTFE comprises the first low friction layer 1 4. 

*s Application of the tape may be accomplished by radial 
transfer of the tape to the core 12 at a predetermined 
lay angle. The predetermined lay angle, in conjunction 
with the tape width, provides a desired coverage or over- 
lap which produces minimum wrinkling of the tape, and 

so a predetermined tensioned thickness. A suitable lay an- 
gle provides a tape overlap equal to, or greater than. 
25% of the tape width. In one embodiment of the present 
invention, nominal diameter build up of the tape is about 
0.006 inches. Alternately, the tape may be folded longi- 

55 tudinalfy about the core 12. 

The first low friction layer 1 4 separates the core 1 2 
from the inner jacket 16 and strength member array 18. 
Therefore, the low friction layer 14 minimizes mechani- 
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cal coupliQg of the inner jacket 1 6 and strength member 
array 18 to the core 12, thereby minimizing the transfer 
of loads from the strength member array 1 8 to the core 
12. Additionally, the low friction layer 14 enhances the 
flexibility of the cable assembly 10, and reduces elon- s 
galion of the core 12 when the cable assembly is sub- 
jected to cyclic bending and tension. 

The inner jacket 1 6 is extruded over the first low fric- 
tion layer 1 4 and the core 1 2, which provides a bedding 
and inner containment for the strength member array io 
18, and which isolates and protects the core 12. The 
inner jacket 16 also provides a continuous layer which 
isolates the strength member array 1 8 from the low fric- 
tion layer 14, further enhancing the flexibility of the cable 
assembly 10 and decoupling the strength member array 15 
from the core 12. Preferably, the inner jacket 16 is ex- 
truded over the core by way of a tube extrusion process, 
as opposed to a compression extrusion process. The 
tube extrusion process provides an inner jacket con- 
struction which is concentric, thin-walled, and substan- 20 
tially smooth. 

, As best seen by reference to Figure 2, the strength 
member array 18 is comprised of synthetic fibrous 
strength members 21 , which are defined by filaments 
22. The synthetic strength members 21 are covered, 25 
wrapped or enclosed by a second friction reducing layer 
or low friction layer 24. The second low friction layer 24 
is comprised of a material which exhibits compressibility 
characteristics sufficient to enable this low friction layer 
to flow into the interstitial regions of a strength member 
21, thereby providing load distribution and sufficient 
strength for preventing tearing and breaching of the lay- 
er at a point of contact between strength members. This 
second low friction layer 24 also exhibits relatively low 
friction at the filament interface while providing an inter- 3S 
lace between layers, where the coated strength mem- 
bers come into contact, sufficient to transfer loads from 
one strength member to another. This unique combina- 
tion of properties maximizes load sharing between 
strength members while providing an interface which al- <o 
lows for movement of the strength members and fila- 
ments. The second low friction layer 24 may be com- 
prised of a porous fluoropolymer material, such as, but 
not limited to, a porous PTFE material or a covering or 
wrapping of porous expanded PTFE membrane. If a «5 
covering or wrapping comprising a tape of expanded 
PTFE membrane is employed as the second low friction 
layer 24, the tape is wrapped about strength members 
21 as described hereinabove for the first low friction lay- 
er 14. In such an embodiment, a preferred diameter so 
build up of the tape is about 0.003 inches or less. 

The strength member 21 may comprise fibers, such 
as but not limited to, fibers of aramid, polyester, poly- 
tetrafluoroethylene, polysulfone, or polyamide fibers. 
One example of a suitable fibrous strength member is ss 
KEVLAR® yam, a product which is commercially avail- 
able from E.I. DuPont de Nemours. KEVLAR® is a Du- 
Pont trademark lor a family of aramid fibers. Such a fi- 



brous materia! may be a short fiber, as well as continu- 
ous filament yam, and has a relatively high tensile 
strength. The properties of this fibrous material are re- 
ported in Information Bulletin K-506A revised July, 1 986, 
and entitled, ■Properties and Uses of KEVLAR<8>29 and 
KEVLAR® 49 In Electromechanical Cables and Fiber 
Optics." As should be understood, the number of fila- 
ments of the fibrous strength members constitute the 
denier of the strength member. (Denier is a measure of 
weight which can also be equated to the geometric size 
and strength of the member). A preferred denier for the 
fibrous strength members 21 may range within conven- 
tional sizes, or configured as required to meet specific 
needs and performance characteristics. A suitable de- 
nier ranges Irom about 200 to about 15,000. 

The strength member array 18 may comprise a plu- 
rality of configurations, such as but not limited to a braid-, 
ed configuration (Figure 1), a served or helical configu- 
ration (Figure 3), or a dual served or a contra-helical 
configuration (Figure 4). The strength member array 
may also be disposed within a center region of the core 
12 (Figure 5). 

In a preferred embodiment of the present invention, 
the coverage of the strength member array 18 should 
preferably be sufficiently low so as to not overly affect 
the ability of the outer jacket 20 to bond, through open 
regions 26 of the si rength member array 1 8, to the inner 
jacket 16. For any configuration where bonding of the 
inner jacket 16 and outer jacket 20 is desired, the proc- 
ess may be optimized by employing a strength member 
array coverage of less than or equal to about 60% 
(strength member area + by available area). Minimal 
thickness of the member array may additionally provide 
for more direct contact between the inner and outer jack- 
ets, thereby enhancing bonding there between. Also, 
the strength member array 18 may be additionally coat- 
ed with a suitable material to enhance bonding or load 
transfer between the inner and outer jackets and the 
strength member array. Such materials may include, but 
are not limited to, polyurethane or such other materials 
which may comprise jackets 16 and 20. and which have 
been described hereinabove. 

For served configurations of higher coverage, nor- 
mally in the range of 90 to 98%, the second low friction 
layer 24 may be coated with a material of sufficient hard- 
ness, higher compressibility and low friction to act as an 
environmental barrier and to allow for movement of the 
strength member array. Such material may include, but 
not limited to, polyesters, polypropylenes, and polyeth- 
ylenes. 

The covered, wrapped or enclosed strength mem- 
bers 21 allow for a broader range of tower braid and 
serve angles due to the freedom of movement of the 
filaments. As an example, the reduction in friction and 
increased load distribution imparted by the coating in- 
creases the flexibility and longevity normally tost due to 
lower braid and served angles. Twisting the filaments 
22 and braiding the construction maximizes toad shar- 
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ing between the filaments and the strength members 21 . 

4 It is contemplated by the teachings herein that the 
strength members 21 may be impregnated with a fluor- 
opotymer material prior to being covered, wrapped or 
enclosed. A suitable process tor impregnating the 
strength members 21 is described in detail in U.S. Pat- 
ent 5,165,993, which is incorporated herein by refer- 
ence. Coating, covering, or wrapping the strength mem- 
bers 21 with a low friction material, such as a porous 
expanded polytetrafluoroethylene, provides a beneficial 
means for minimizing point loading of the strength mem- 
bers. Also, cutting and focused stress caused by over- 
lapping strength members 21, which are inherent in a 
contra-helical served or braided strength member array 
IB, is minimized. Such a coating, covering, or wrapping 
reduces the negative effects of point loading, while pro- 
viding for load sharing between overlapping strength 
members 21 at the points of contact. 

External coverings, like the second low friction layer 
24, aid in distributing the loads for impregnated as well 
as non-impregnated filaments 22 when subjected to 
compressive loading, hence reducing the tendency for 
the strength member to "buckle - and "notch". In much 
the same way as point loading stresses are reduced by 
load distribution imparted by the second low friction lay- 
er 24, the containment and allowed movement of the 
individual strength members 21 reduces the focused 
stress caused by compressive loads. The resulting re- 
duction in buckling and subsequent notching of the fila- 
ments 12 improves the longevity of the strength mem- 
bers 21, when cycled from compression to tension, as 
is typical of bending and straightening which occurs 
when the cable is transferred over a sheave during 
mechanized cable deployment and retrieval. 

Impregnation of the strength member, as described 
above, encapsulates each filament 22 of the strength 
member 21 . provides a flexible, low-friction matrix which 
also distributes loads, allows for movement of the fila- 
ments, minimizes stress concentration of overlapping 
members and additionally impedes the flow of fluids 
within the cable assembly 10. 

In one embodiment of the present invention, the 
outer jacket 20 is comprised of a polymeric material 
which exhibits a molecular affinity with respect to the in- 
ner jacket 16. Suitable materials include, but are not lim- 
ited to, thermoplastic or thermosetting materials. The 
outer jacket 20 is extruded over the strength member 
array 18 and bonded to the inner jacket 16 by way of a 
compression extrusion process. The outer jacket 20 
provides environmental protection for the core 12 and 
provides load transfer from a cable termination to the 
strength member array 18. To provide for optimal 
processing, the extrusion temperature should be evalu- 
ated as necessary to effect the desired bond between 
the inner and outer jackets, 16, 20. A limiting character- 
istic of such an extrusion process is the potential for a 
degradation of the extruded resin. A reduction tn take- 
up speed of the cable assembly 10. altering coating 



techniques, and/or increasing a crosshead temperature 
also may be required to effect the required bond be- 
tween the inner and outer jackets. Additionally, the thick- 
ness of the outer jacket, as well as crosshead pressure, 
s may also be increased to provide the necessary bond 
between the inner and outer jackets. 

A heating assembly may be employed to preheat 
the cable assembly 10 prior to the cable assembly en- 
tering the extruder to sufficiently prepare the inner jacket 

io 16 for bonding. Pre-drawing and/or pre-heating the core 
12 may also be necessary to dry the strength member 
array 18 in order to prevent out gassing during extrusion 
period. A compression extrusion, in contrast to a tube 
extrusion, is preferred to enhance the filling of the open 

*5 regions 26 and to enhance bonding of the inner and out- 
er jackets. The filling and compression of the outer jack- 
et material into the open regions 26, utilizing heat and 
pressure during extrusion, not only is required to effect 
the required bond, but also is necessary to minimize the 

so voids and air space between the two jackets. As should 
be understood, typical environmental use conditions of 
the cable assembly 10 may subject the cable assembly 
to extreme external pressures, which may be caused by 
such conditions as marine depth. These environmental 

25 conditions require void-free cable assembly construc- 
tions to maintain and control weight, compression, and 
to minimize fluid and water migration within the cable 
assembly construction. Minimizing the air gap interface 
between the outer jacket 20 and the strength member 

30 array 18 enhances the probability of providing a void- 
free cable assembly construction. 

The bonded inner and outer jacket construction and 
the strength member array 18, maximize the protection 
which can be afforded a non-metallic jacket. Additional- 

3S jy, the bonded jacket aids in breaking up the migration 
of a cut or nick in the jacket. This type of cable construc- 
tion also provides support against forces which other- 
wise would crush or damage the cable assembly. More 
particularly, external forces and/or pressure, which 
might otherwise flatten the cable, are resisted by the me- 
chanical restraint provided by the radial application of 
the strength member array 18 in conjunction with sup- 
port provided by the bonded inner and outer jackets. 
This construction, as opposed to a metal construction, 

«5 is non-corrosive, non-magnetic, and provides a higher 
break strength for an external termination (e.g., a flexi- 
ble wire mesh type grip) at a smaller size and weight. 
Additionally this configuration maximizes cut-through 
protection previously only realized by armor cable con- 
so structions. 

In an alternate embodiment of the present inven- 
tion, the strength member array may be configured with- 
in the core of the signal transmission bundle as indicated 
in Figure 5. The array may typically be located in the 

55 center and/or interstitial regions of the core and provide 
load restraint for the cable. Coating the member in the 
same manner as previously described enhances flexi- 
bility, reduces abrasion related degradation, and pro- 
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vides projection required for handling during manufac- 
turing. 

In another embodiment of the present invention, the 
strength member array 1 8 may be braided onto the inner 
jacket 16 as shown in Figure 1, except with coverages 
in excess of 60%. This design is preferable for applica- 
tions where the combination of highest flexibility, highest 
strength, and direct termination to the strength member 
is desired. Coating the members in the same manner 
as previously discussed enhances the properties in 
much the same manner as previously described, with 
the exception of load transfer through the outer jacket 
into the strength member array. The strength member 
coating, as described for low coverage braids, provides 
a barrier between members. This barrier enhances flex- 
ibility, reduces load concentration, and minimizes fric- 
tional abrasion. 



Claims 



7. A cable assembly as claimed in any of claims 1 to 
5 in which each layer is in the form of a tube. 

8. A cable assembly as claimed in any preceding 
s claim, wherein the first strength member array is 

disposed in a braided configuration. 

9. A cable assembly as claimed in any of claims 1 to 
7 in which the first strength member array is dis- 

io posed in a served configuration. 

10. A cable assembly as claimed in claim 9, further 
comprising a second strength member array dis- 
posed about the first strength member array in a 

is contra-helical served configuration. 

11. A cable assembly as claimed in any preceding 
claim, wherein the synthetic fibrous strength mem- 
ber or members are impregnated with a fluoropoly- 

20 rner material. 



1. A cable assembly comprising: 

a signal transmission core; 
a first friction reducing layer disposed about the 
signal transmission core; 
a first jacket disposed about the friction reduc- 
ing layer; 

at least a first strength member array disposed 
about the first jacket, the strength member ar- 
ray being defined by a synthetic fibrous 
strength member or members which are each 
comprised of a plurality of filaments, each 
strength member being disposed within an in- 
dividual, second friction reducing layer; and 
a second jacket disposed about the strength 
member array. 

2. A cable assembly as claimed in claim 1, wherein 
the first and second jackets are bonded together at 
predetermined open regions within the strength 
member array. 

3. A cable assembly as claimed in claim 1 or 2 in which 
said first and/or second friction reducing layers are 
of a porous fluoropolymer 

4. A cable assembly as claimed in claim 3. in which 
the porous fluoropolymer is porous polytetrafluor- 
oethylene. 

5. A cable assembly as claimed in claim 4. In which 
the porous polytetrafluoroethylene is porous ex- 
panded polytetrafluoroethylene. 

6. A cable assembly as claimed in any of claims 1 to 
5. in which each layer is in the form of a wrapped 
tube. 



12. A cable assembly as claimed in any of claims 1 to 
10 wherein the synthetic fibrous strength member 
or members are impregnated with a graphite mate- 
25 rial. 

. 13. A cable assembly as claimed in any preceding 
claim, wherein the individual synthetic fibrous 
strength member or members are comprised of fi- 
30 bres selected from aramid, polyester, polytetrafluor- 
oethylene, polysulfone, and polyamide fibres. 

14. A cable assembly comprising: 

35 a signal transmission core having a center re- 

gion and a length; 

at least a first strength member array disposed 
within the center region, the strength member 
array being defined by at least one sytnthetic 
40 fibrous strength member which is disposed 

within an individual friction reducing layer; and 
a jacket disposed about the signal transmission 
core. 

45 15. A strength member for a cable assembly or the like, 
said strength member being defined by a plurality 
of filaments, and a friction reducing layer disposed 
about the strength member. 

50 16. A strength member as claimed in claim 1 5. in which 
the friction reducing layer is of a porous fluoropoly- 
mer. 

17. A strength member as claimed in claim 1 6, in which 
55 the porous fluoropolymer layer is comprised of po- 
rous polytetrafluoroethylene. 

18. A strength member as claimed in claim 17 in which 
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the porous polytetrafluoroethylene is porous ex- 
^ panded potytetrafluoroethylene. 

19. A strength member as claimed in any of claims 15 

to 18, in which the friction reducing layer is in the 5 
form of a wrapped tape. 

20. A strength member as claimed in any of claims 15 
to 18, in which the friction reducing layer is in the 
form of a tube. io 
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